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(57) Abstract 

A laser diode array (112) inchides a plurality of planar assemblies and acdve cooling of each assembly. The laser diode ar- 
ray (112) may be operated in a long duty cycle, or in continuous operation. A laser diode bar (1 12) and a microchannel heat sink 
(120) are thermally coupled in a compact, thin planar assembly (110) having the laser diode bar located proxunate to one edge 
(116). The cooling means (122) includes a microchannel heat sink (120) proximate to the laser diode bar (1 12) to absorb heat gen- 
erated by laser operation. To provide the coolant to the microchannels, each thin planar assembly comprises passageways 
(150-152) that connect the microchannels (120) to inlet and outlet corridors (142). Each inl« passageway (150) may comprise a 
narrow slot that directs coolant mto themicrochannek (120) and increases the velodty of flow therethrough. The corridors (140, 
142) comprise holes extending through each of the assemblies in the array. The inlet and outiet corridors (140, 142) are connected 
to a conventional coolant circulation system (122). The laser diode array (112) with active cooling has applications as an optical 
pump for high power solid state lasers, or by mating the diodes with fiber optic lenses. Further, the arrays can be useful in appli- 
cations having space constraints and energy limitations, an in military arid space applications. 
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THIM PLANAR PACKAGE FOR COOIJ NG AN ARRAY OF 
Pn ^-KMTmNG LASER DIODES 
The United States Government has rights in Has invention 
pursuant to Contract' No. W-7405-ENG-48 between the United States 
Departmait of Energy and the University of California for the operation of 
LaVrence Livermore National Laboratory. 

BACIiCnROUN P OF THE INVENTTON 
Field of the Invgition 

5 The pres«it invention relates to laser diodes and arrays of laser 

diodes, and further relates to an apparatus for cooling laser diodes during 
operation. More spedacally, the present invention relates to a laser diode 
array that is actively cooled and provides a laser output having a high average 
intensity. In its subject matter, tiie present invention is related to patent 

10 application serial no. 549309, entifled "Modular Package for Cooling a Laser 
Diode Array/ filed in the U.S. Patent Office on July 6, 1990. 
Description of Related Art 

Laser diodes have many advantages over conventional lasers. Laser 
diodes are anall and compact, they are efficient at converting electrical energy 
into laser energy, and they are reliable. However, when a laser diode is 

15 operated at a high average power, it generates a substantial amount of heat in 
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a smaU volume, (hereby raising the temperature of the diode which has 
iiegativeeffette such as a wavelength shift and a loss of effideruy. Ifttie 

temperature gets high enough, destruction of the diode package may result 
Therefore, present uses of laser diodes are generally limited to appUcations 
xeqtdiing low average power. 

Laser diodes have some similarities to Ught Emitting Diodes 
(LEDs). A typical laser diode is comprised of a semiconductor material, such 
as Gallium Arsenide (GaAs), that is mamifactured to have a pn junction. 
Like laser diodes, LEDs have a pn junction formed in the semiconductor 
material. Briefly, thfe' electroluminescence at a pn junction is the resuU of 
electrical current applied across the pn junction, and is assodated with the 
band properties of semiconductor material As a result of these band 
properties, an eledron may combine wife a hole (alack of an eledron) in a 
recombinattonfliat produces radiadon. In a typical LED, the effed of an 
increase in current is to increase the radiative recombination rate weU above 
that of the non-radiative recomWnation rate. Laser diodes have an additional 
feature over the LED - facets (reflective surfaces) on each end of pn junction. 
These facets define a laser cavity, whidv causes laser osdUation to occur along 
file length of ttie pn jtmdion. 

Laser radiation has appUcation in a wide variety of disdplines, such 
. as communications, medidne, the miUtary, researdi, and any other field 
where directed electromagnetic radiation is an advantage. 

When compared with other lasers, the laser diode is distinguishable 
by several features. One distinguishing feature is tixe size of the laser diode. 
25 Laser diodes can be manufadured in a package much smaUer than other laser 
devices such as gas lasers that require large gas tubes and spedalized optics 
equipment such as Brewster windows, mirrors, spatial filters, and lenses. 



15 
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Another distinguishing feature of tiie laser diode is its efEdMicy at oonverting 
^ input electrical power to output laser intensity. Laser diodes can readily 
achieve effid^ides of 50% or more in converting electrical ener^ to laser 
energy, while other lasers have efficiencies from 10% to less than 1%. For 

5 ' example, the highest efficiency achieved by other las^ is attained by die CO2 
laser, which may attain an efficiency of 10%. Despite their high efficiency, 
laser diodes have not been applied in high power applications due primarily 
to the problem of heat dissipation. Other high power lasers, such as die 
copper vapor lasa-s, have an efficiency of 1% or less. Additional 

10 distinguishing featuk'es of the laser diode indude a fast response to control 
signals, and simplicity of design. Manufacturing of laser diodes is known in 
the art, and a capability exists to manufacture many t5rpes of laser diodes. 

One type of laser diode is the edge emitting laser diode, often 
termed "las^ diode bars". These diodes emit laser Ught along a length of 

15 their edge. For example, an edge emitting laser diode can output a beam ttiat 
has an emitting edge length of one centimeter, and a widtii of 0.3 mnu 
Typically, an edge emitting laser diode will be manufactured of a single block 
of Ga As, with a pn jtmction formed in a plane tiiroughout the blodc, and the 
facets positioned on opposing edges of the plane defined by the pn junction. 

20 Conductors are constructed on each side of the pn junction so that when 
current is applied, currmt passes through the pn junction. The current 
creates a population inversion across the pn jimction, and lasing action can 
occur. 

For any laser diode, heat production is directly associated with the 
25 output intensity. Further, a high output intensity results from a large current 
applied to the diode. The basic mechanisms leading to heat production in a 
diode are die series resistances of the diode and non-radiative recombination. 
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The series resisfances indude tiie resislance of the semiconductor material, 
and the resistance of the contacts, which produce heat during current flow. 
The reastances produce heat as current is appUed, in an amount of heat flux 

proportional to I^R* 

Due to this heat production, a basic limitation on the output 

intenatjr of a diode is temperature buildup ftom heat produced in the 
pumping process. For maximum effidencjr, a diode must have a temperature 
that is below TS'C. For reUable, long Uved operation of the diode, 
ien^eratures may be less than SO'C without substantial loss of efficiency. 
Temperatures even iribderately. above 50»C wiU substantially affect efficiency 
and rdiabiKty, substantially shortening tiie useful life of the diode. 
Furthermore^ at higher temperatures the output light will be shifted in 
wavelength. High temperatures encourage &e gtowtti of defects in the laser 
diode, which decrease efficiency. A larger current may be appUed to 
compensate for the decreased efficiency, which then produces even more 
heat, encouraging the growth of even more defects and a greater loss of 
efficiency. If a diode could be maintained at or near its optimum 
temperature, then flie diode will have its maximum efficiency and lifetime, 
and emit a consistent wavelengdi. 

To reduce ttie temperature of the diode to an acceptable level while 
providing a high average output power, diodes are often operated in a pulsed 
mode wherein current is appUed to tiie diode during only a portion of tiie 
operating time. In this mode, the heat has an opportunity to dissipate during 
flte time when current is off. to tiie pulsed mode of operation, a figure that 
describes tiie percentage of time tiiat tiie diode is pulsed is tiie "duty cyde". 
Far example, a duty cyde of 1% corresponds to a diode tfiat is artuated ivitii 
current only once in 100 cydes. Typicatty, laser diodes wiU be operated at a 
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duty cyde of 1% and a supplied curra:it of fifty amps/an of lengiih. However, 
if some extra cocding is available, hig^ duty cydes can be attained. Ifxnudi 
more substantial cooling were available, ccmtinuous (cw) operation may be 

m 

obtainable for opUinum current levels. The cooling problem is of particular 

5 significance for arrays of laser diodes. 

Arrays of las^ diodes include a number of las^ diodes positioned 
closely together. Laser diode arrays may be manuftictured in various 
architecture such as the stacked architecture and the monolithic surfece 
emitting architecture. In one configuration (tiie "rack and stack" 

10 configuration) the laser diodes-are positioned in a stacked configuration, one 
on top of the other. In another configuration, the monolithic surface 
emitting architecture, a number of edge emitting laser bars are positioned on 
the surface of a Uiermally conductive material/ n^ to reflectors angled at 45^ 
Thus, die laser radiation from the laser diode bars is first emitted in a 

15 direction along tiie surfeice of the block, but is then reflected upward by angled 
reflectors on the block's surface. 

A feature of the laser diode array is the high intensity output 
provided from the closely packed laser diodes. Anotiier advantage of the 
diode array is that the output beam's area can be made larger simply by 

20 increasing the area of the array. To obtain the higher intensity, the laser 

diodes in the array should be positioned closer together. However, as a result 
of dose positioning, the heat flux from each laser bar will add wifli the heat 
flux of the adjoining laser bar, and without aggressive cooling tiie 
temperature may increase rapidly. At a high output power (a high intensity 

25 and long duty cyde), the amoxmt of heat flux produced in each diode 
becomes very substantial. 
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As a result, flie average output intensity of a diode array is 
substantiaUylinutedbyitsabiUtytosnikheat. Uang only ambient air 
cooling, average power output must be limited by maintaining the cunent 
and duty cyde at a level sufficient to prevent damaging temperature buildup. 
••Ihere is a tradeoff between output power and output pulse duration; a long 
duty cyde must be balanced by a smaU cuii^it, and conversely, a large current 
mustbebalanoedbyashortdutycyde. ihe heat flux in a diode array is 
substantial during a period of high outpufc Without additional cooling, a 
laser diode array operated at a high average power wiU produce a large heat 
flux wWdi can caus^ 'a rapid temperature increase, leading to device failure 
and other temperature assodated problems discussed above. Hierefore, a 
higher intensity output wiU generally require a more e^ve cooling system. 

Two performance figures of merit for cooling purposes are thermal 
resistance and temperature uniformity. Thermal resistance is defined as the 
temperature rise at the laser junction rdative to the coolant inlet 
temperature, per watt/cm2 of heat load. The causes and effects of heat load 
are weU known, and have been discussed above- 
Temperature uniformity is a measure of the maximum 
temperature variation across the surfece where the heat is appUed. Lade of 
temperature uniformity could be caused by coolant heating or variations in 
heat load or ftermal resistance. Fbr appUcations sudi as high power laser 
diode arrays, a heat sink should have figures for thermal resistance and 
temperature uniformity small enough to dissipate the large amount of heat 
generated by high average power operation. In these high power appUcations, 
if a heat ank were available that had tow figures for tiiermal resistance and 
temperature uniformity, tiie cost per watt of output laser power would be 
reduced significantly. 
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Another problem that arises in high average power laser diode 
arrays is dxermal e)q>ansion mismatch. A matoial's thermal expansion 
coefficient describes the extent of the material's expansion caused by a 
temperature change. If two materials that have a thermal &qf>ansion 
mismatch are bonded together, then a temperature change may result in a 
cracking of the structure of one material or the other, or it may result in a 
compromise of the bond between the two materials. Galliimi Arsenide 
(GaAs) is a convaidonal material for laser diodes; its thermal expansion 
coef&dent is different than that of, for example silicon (Si), and many other 
materials. 

Problems with low temperature uiuformity, thermal resistance, and 
thermal expansion mismatch exist with regard to the stacked arrays. To 
address these problems, it has been suggested that tiiermally conductive 
material having a similar expansion coefficient be placed between the diode 
bars, in a "rack and stack" ardiitectiue. The tiiermally conductive material 
may be copper or a copper-tungsten alloy, such as Thermkon®, a General 
Electric product, that is matched to the thermal expansion constemt of GaAs. 
This material may be made diick to absorb excess heat. However, the thermal 
conductance of copper or Thermkon® is insufficient for operation at a high 
duty cycle. Another product used in the rack and stack architecttire is 
t>eryllium oxide (BeO), which has an even lower thmrud conductance, and 
therefore allows an even smaller duty cyde. BeO is used because its thermal 
expansion matches die thermal expansion of GaAs, therefore it provides a 
structurally sotmd package even while operating at high temperatures. It has 
also been suggested that a diamond material be used in the rack and stack 
architecture. Diamond has a high thermal conductivity; however, 
manufacturing is difficult and a>stiy due to the diamond's hardness. 
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Thermal expansion mismatch is not a problem when a single 
material is used- For example, if a cooler package could be formed of a single 
material, such as ^con, then the material would expand evenly and 
structural integrity would not be compromised. Thus, it would be an 

5 advantage to provide a coder package constructed of a single materlaL 

Furttiermoie, it would be an advantage if tiie cooler package is as 
thin as possible. In a cooler package any of a given length the cooler's 
thinness allows more packages to be started together. Each cooler has an 
associated laser diode, and thus more cooler packages in a given length 

10 translates to a greater intensity of output laser lights 

MicroChannel coolers ae., silicon wafers with microchannels 
etched therein) have been used to coed integrated circuits. However, methods 
of bonding siUcon to silicon have been genially ineEfectlve, thus requiring 
an intermediate layer of, for example siUcon glass. If die anay were to be 

15 designed in a manner suitable for bonding silicon to siUcon, then such a laser 
diode anay would have many uses including appUcation as an efficient pump 
source for pulsed solid state lasers. 

Problems in applying miaochannel cooler technology to laser 
diodes indude: providing robtist and effective cooling In a smaU package. 

20 The cooling problem is complex, including problems with providing coolant 
to the microchannels at a high flow rate, and delivering coolant to the 
microchannels unifonnly so that there are no substantial temperature 
gradients along the diode bar. Thus an effective coolant deUvery system must 
be developed. Prior microchannel technology has been addressed to 

25 providing cooling to an area within a layer siUcon wafer, thus the prior 

coolant ddiveiy systems have not been deagned to provide effective cooUng 
proximate to an edge of the wafer. It would be an advantage if the coolant 



wo 92/19027 ^^PCrAJS92/02670 



delivery system effectively cooled near an edge, so that flie diode base can be 
mounted dose to the edge. In an array mounting the diodm dosely together 
and dose to the edge provides a high output intensity. In addition, diodes 
motmted at tiie edge of the array may be more easily cormected to fiber optic 
5 lenses. 

A furtitio* problem with conventional laser diode arrays is the 
difficulty of repair or replacement of wom*out or malfunctioiung equipment. 
Convmtional laser diode arrays have been formed of a number of laser 
diodes structurally connected together in sudi a manner that replacing a laser 

10 diode that is non-fuxictional or otherwise not working is difficult or 

impossible. This disadvantage is particularly acute in manufacturing laser 
diode arrays; testing each of the laser diodes before installation is difficult If a 
non*functional laser diode was discovaed after manufacture of sudi a 
structurally connected diode array^ tihen the whole array would be scrapped or 

15 re-manufactured at a substantial cost It would be an advantage to provide a 
package that has an edge emitting laser diode bar and a heat sink that can 
remove a significant amount of heat from the laser diode so that the laser 
diode can be operated at a high av^age power. It would be an advantage if 
the laser diode array could be formed of a number of similar laser diode and 

20 cooling packages that are int^diangeable and easily replaceable, so that if a 

particular package becomes inoperable or of pocnr quality, then the package can 
be easily replaced at low cost without affecting the remainder of title diode 
array. 



25 



SUMMARY OF THE INVENTION 
The present invention provides an apparatus for cooling laser diode 
arrays. The invention comprises a diode-cooler assembly that provides a 
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large aniount of cooling in a small area. Tte diode^ler assembUes are thin, 
and thejr can be dosdy stacked, one on top of the oflier, to create a stnictuie 

having a high average output intensity. The assembUes are easUy replaceable 
and interdiangeable to fadHtate easy repair and replacement. Furthermore, 
"tiie to of flie stack can be easUy changed by adding or removing diode<ooler 
assembUes to provide more or less output energy. Using the principles of the 
present invention, a laser diode array may be operated for extended periods of 
time at high intensity. The mode of laser operation may indude a long duty 

cyde, or even continuous operation. 

The present invention con^rises a laser diode and cooling means 
that are connected in a compact, thin planar assembly having tiie laser diode 
located proximate to one edge bi an array, any number of sudi thin planar 
assemblies can be secured together, stacked one on top of the other. In this 
array, the assemblies are oonnectable in dose proxhnity so fliat the laser 
diodes in each are very dosdy spaced and provide a high intensity output 
over an area as large as tiie number of assembUes. In a preferred 
embodiment, the planar assembUes are separated by a tiiin gasket made of 
conductive maferial, sudi as a dlicone elastomer fUled with sUver^oated 
copper. The tWn gasket provides a waterti^t seal between the assembUes, as 

weU as a current patit. 

The coolant distiribution system witiiin tiie assemblies provides 
effident, controUed, and uniform cooUng. Hie assembly includes 
microdiannds whidi run paraUel to the laser diode bar and can be located 
very dose to the edge of the assembly. Ilie dose proximity of the 
microdiannd heat sink to the edge permits the laser diode bar to be located 
dosetotheedge Mounting the diodes dosely in the array provides a high 

output intensity- 
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Each planar assembly comprises three wafers. The wafers comprise 
a substrate having a system of microdkiannels, grooves and slots formed 
therein which provide coolant distribution within the assembly. The wafers 
have multiple pairs of holes defining inlet corridors and outlet corridors. 

5 The inlet and outlet corridors, which extend through the array^ are connected 
to a conventional coolant circulation system. 

In operation, coolant flow into and tiirotigh the inlet corridors. 
The coolant is giaided through grooves between the middle and bottom 
wafers, and then through slots in the middle wafer. The slots are positioned 

10 proximate and perpendicular to microdumnels on tiie underside of die top 
layer. The microchannels, situated proximate to the laser diode, form a heat 
sink where coolant absorbs heat generated by laser operation. The heated 
coolant is removed from the microchannels by an adjac^t slot. The slot 
connects to a groove between tiie middle and bottom vrafexs that in turn 

15 connects to an outiet corridor. 

The inlet slots direct the coolant flow up and into the 
microchannels, thereby providing high cooling power and efficient heat 
transfer at the coolant-microchannel interface. Furthermore, cooling power 
is enhanced by a narrow cross section of the inlet slots with respect to the inlet 

20 passageways. The narrow cross section causes a Venturi effect to the coolant 
flow-the velocity of tiie coolant is increased as it flows from the wider inlet 
passageway into the inlet slot and then into the microchaimds. Therrfore 
the coolant is injected into the microchannels with greater velocity for more 
effective cooling. 

25 The three wafers in the assembly - the top wafer, the middle wafer, 

and the bottom wafer - are preferably formed of a sin^e material, such as 
silicon. Silicon is inexpensive and, using conventional technology, it can be 
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cut into thin wafers, whidi can then be cut and etdied to form slots, grooves, 
andxnicxochannels. Using a method described herein, ttie siUcon wafers can 
be bonded togettier to form a thin assembly. The thinness is an advantage 
because tt»e laser diodes can be positioned in dose proximity for high 
5 ' intaisity, vvbale maintaining a low temperature due to the cooling action of 
the miowaiannds. As an additional advantage, tiie adjacent wafers, which 
are formed of the same material, have flie same tiietmal expansion 
coefficient; a feature that ensures structural integrity during fliennal 
expaxisian. 

IQ The present invention has use as an optical pump for high power 

solid state lasers. Pumping a laser gain material with laser diodes provides a 
substantial advantage vdien compared witii flashlamps, whidi are the 
conventional choice for pumping solid state lasers. If properiy cooled, laser 
diodes have a very long life, and can be rdiaWe in operation over long 

15 periods of time. As a further advantage, laser diodes can output singjle 

frequency radiation which can be matched to Hie peak absorption of the solid 
state laser gain materiaL Additionally, tixe laser diode's conversion of 
electrical energy to optical enagy is very effidenf; laser diodes require only 
modest electrical voltage and power. In comparison, flashlamps are less 

20 effident and require electrical energy witiiWgh power and high voltage. 

Thus, the present invention provides the basis for efficient high power soUd 
state lasers. 

The present invention provides an effident optical source having 
small size and low energy recpiirements- In addition to its uses as a laser 
25 pump, die present invention can be incorporated in equipment such as 

communications devices and active sensors. Thus, ttie present invention is 
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useful in any application that has space constraints and energy limitations, 
including military and space applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a thin planar assembly including a 
lasBt diode bar and cooling means, and showing a partial secdonal view of the 
5 assembly. 

Figure 2 is a pospective view of a diode array comprising a plurality 
of ttiin planar assaxiblies connected together. 

Figure 3 i^ an exploded view of the thin planar assembly, 
illustrating its construction in three wafers: a top wafer on which the laser 
10 diode bar is moimted, a middle wafer, and a bottom wafer. 

Figure 4 is a sectional view of the diin planar assembly with a side 
and the front edge cut off . . . 

Figure 5 is a cross section of the assGtnbly, viewed from a side to 
illustrate the flow of coolant through the assembly. 
15 Figure 6 is a cross section of the assembly, from the front, 

illustrating the flow of coolant through the assonbly. 

Figure 7 is a diagram that illustrates the flow through the.assembly, 
from tiie top perspective. 



DETAILED DESCRIPT ION OP THE INVENTION 
The invention is best tmderstood by reference to the figures 
20 wherein like parts are designated with like numerals throughout. This 
secdon begins with a general description, followed by a more specific 
description in whidi the general description is expanded upon, and the 
preferred embodiment is described in more detail. 
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f^on«»Tal Descripflon 

Kgure 1 shows a compact, tfain planar assembly 110 with a laser 
diode bat 112 mounted on a top siirface 113. Electric current Is provided to the 
laser diode bar 112 by a conventional electric current source 114. The laser 
diode bar 112 is positioned proximate to ttie edge 116 so that emitted laser 
5 11^118 is substantialljr unobstructed by flie top surfece 113. Preferably, ttie 
laser diode bar 112 is positioned so that its emitting edge 115 is aligned with 
the ed^ 116. The heat generated by the laser diode 112 flows to 
microchannels 120 formed proxiinate to the diode bar 112L^CTOlant is forced^^ 

through the miarocKannels lattJtL?^ 

10 wafer, is pumped ttucpu^ ttie assonbly 110 by a conventional coolant 
drculaticni system 122 shown in block in Hgure 2. 

A plurality of these assemUies 110 can be stacked to form an array 
123, as Illustrated in Figure 2. The assembUes 110 may be secured together by a 
securing means such as a damp 230. Ihiee assembUes 110a,110b,110c, are 

15 fflustrated in Figure 2, but in other embodhnents the array 123 may comprise 
any number of flie assemblies 110. m the array 123, the assembKes 110 are 
connected hi such dose projdmity that the laser diode bars 112 are very closely 
spaced and therefore provide a high intensity laser output 118a,1181?,118c over 
an area defined by tiie array 123. 

20 As illustrated in Hgure 3, eadi assembly 110 is constructed of three 

separate wafers 130,132,134 eadi of which preferably comprises a slUcon 
substrate. Each of the wafers 130,132,134 has a pluraUty of inlet holes 136 
extending therethrough that are formed in a row 137, and a pluraUty of outlet 
holes 138 iiiat are formed in an outlet row 139. The rows 137,139 are formed 

25 paiaUd to the lengtii of the laser diode bar 112. The holes 136 define hdet 
corridors 137, and the holes 138 define outlet corridors 142. The coolant 
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drcuUtion system 122 (Figixre 2} provides coolant flow through titiese 
corridors 140,1^- 

The .underside of the top wafer 130 comprises the plurality of 
xnicrodiannels 120 formed substantially parallel to the laser diode bar 112. 
The microchanhels are shown in Figures 1, 4, 5, 6, and 7. The microchannels 
120 form a heat sink on the underside of fhe top wafer 130 proxunate to die 
laser diode bar 112. The roolant flowing through titie microchannels 120 
absorbs heat produced by the laser diode bar 112. 

As shown in Figures 1 and 4^ die middle wafer 132 and the bottom 
wafer 134 comprise a plurality of inlet passageways 150^ and outlet 
passageways 152. The inlet passageways 150 provide coolant flow between the 
inlet corridors 140 and the microchannels 120^ and the outlet passageways 152 
provide coolant flow between the oudet rarxidors 142 and ttie microchannels 
120. In die pteterred embodiment die passageways 150,152, comprise a 
plurality of slots 154,156, (shown in Hgures 3 and 4) formed in the middle 
wafer 132. The slots 154,156 are formed to be substantially perpendicular to 
the microchannels 120 in the top wafer 130. The imderside of the middle 
wafer 132 also comprises a plurality of grooves 158,159 which extend between 
the inlet and outlet corridors 140,142 and ttie respective slots 154,156. When 
the middle wafer 132 and bottom wafer 134 are bonded together, the 
passagewa]^ 150,152 are defined by the grooves 158,159, the adjacent portion of 
die bottom wafer 134, and the slots 154,156. 

. In an array 123 of assemblies 110, illustrated in Figure 2, the 
thinness of die wafers 130,132434 is an advantage because the laser diode bars 
112 can be p>osidoned in close proximity for high intensity output over a large 
area, while maintaining a low temperature due to the cooling action of the 
microchannel heat sinks 120. Aldiough for illustration purposes the 
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assenibUes 110 appear in some figures to be rectangular boxes, in the prefieired 
embodiment, the assembUes 110 are quite thin-the wafers 130,132,134 have a 
camWned height of 13 inm, and with the laser (fiode 112, wWcfc 

of 0.1mm, flie hdght of fee assembly 110 is only 1.4 mm. 
lyrnre Specific Description 

5 As shown in Hgure 1, the present Invention comprises fee 

compacts fhhi planar assembly shown generally at 110, wife the laser diode 
bar 112 mounted feereon. The laser diode bar 112 may comprise any of a 
number of commercially available semiconductor laser diode bars, available 
from a number of lAanufecturers sudx as Siemens AG of Munich, West 

10 Gennany, and Applied Solar Energy Corp. of City of Industry, CA. 

When a raw diode block is obtained ficom the manufacturer, fee 
block tyirfcally comprises a fein, square jrfece of semiconductor xnaferial, such 
as GalUum Arsenide (GaAs) wife the pn junctkm formed throughout the 
square in a plane parallel to the square's surfece. Fiirfeermore, fee crystal 

15 axes in the semiconductor are formed so feat they are perpendicular to an 
edge. Using feis diode squares, the individual diode bars are formed by first 
using a conv«itional scribe tool, which nicks fee edge of fee square 
semiconductor material at fixed intervals. Using fee rucks as a guide, fee 
square is separated by a conventional deaving device into a number of bars by 

20 breaking fee square along fee crystalline axes. The bars are finally cleaned by 
conventional plasma ashing, which turns any trace of organic materials into 
an ash. which can be easily removed. A smoofe facet is formed by this 
process, whidi is feai made reflective by conventional techniques. In fee 
preferred embodiment, the output facet is coated wife one-half wave 

25 thickness AI2O3, and fee rear facet is coated wife a quarter wave stack of aght 

layers of TiP2/a02. 
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Reference is again made to Figtire 1, in which the laser diode bar 112 
is positioned proximate to tiie edge 116 so that the entitled laser lig^t 118 is 
substantially unobstructed by the top surface 113* Ptefierably the knitting edge 
115 of the diode bar 112 is positioned adjacmt to the edge 116. The laser diode 
5 bar 112 is bonded to the top wafer 130 using conventional methods, such as a 
conventional indium solder. In the preferred bonding technique, the laser 
diode bar 112 is damped to the top wafer 130 by a damp (not showzO that has 
an elastomer edge that presses the length of the bar 112 into ti^t contact with 
the evaporated indium solder that was formed on the wafer 130. The bar 112 

10 and the wafer 130 ar& thai heated enough that tite solder melts, and ttien the 
solder is cooled to form a solid mechanical and electrical bond. Although the 
diode bar 112 is illustrated in the Figures as a single long bar of semiconductor 
material, in practical application two or more separate shorter bars of 
semiconductor material, placed ^d to end, may be utilized instead of the 

15 single longer bar. 

With reference to Figures 1 and 5, the conventional electric current 
source 114 provides an electric current to the laser diode bar 112. In the 
assembly 110, the electric current is delivered through a first terminal 160 
provided on the top of the wafer 130, and a second terminal 162 provided on 

20 the bottom of tiie bottom wafer 134. For purposes of illustration, the first 

terminal 160 will be assumed to be the positive terminal 160, and the second 
terminal 162 will be assiimed to be the negative terminal 162, and electric 
current will be assumed to flow irom positive to negative. 

In operation, illustrated with refermce to Figure 5, the electric 

25 current flows into the positive terminal 160 and along the top surface of the 
top wafer 130, via a metallized portion 164. The metallized portion 164, and 
all other metallized portions preferably comprise a gold conductive layer. In 
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the preferred embodiment, a thin (lOOOA) layer of titanium is ft»med direcfly 
on the wafer 130, and a thin (lOOOA) layer of platinum is formed on top of the 
titanium. The gold conductive layer is then formed on top of the platinum, 
in a thicicness sufficient to carry the current, for example 13 microns. Where 
the laser diode bar 112 connects with the top wafer 130, anottier lOOOA layer of 
titanium or platinum is formed on top of the gold conductive layer, a thin 
layer (lOOoA) of gold is formed on top of ttie titanium or platinum, and the 
indium solder is evaporated on top of the thin gold layer, to provide a 
connectian between the top wafer 130 and the laser diode bar 112. 

The top saxia!C» of the top wafer 130 has a nonconductive electrical 
break 166, which prevents flow of electrical current between the metallized 
portion 164 and a metallized portion 172 positioned under the laser diode. 
Over this electrical break 166, a series of wires 168, preferably gold wires, 
electricaUy connect the metallized portion 164 with an dectrode 169 disposed 
on top of the laser diode bar 112. 

In tiie laser diode bar 112, electrical current flows between the top 
dectrode 169 and an electrode 170 on tiie bottom, providing current through a 
smiccmductor junction to cause anission of the laser radiation 118. 
Assuming the direction of current flow is consistent with flie discussion in 
the previous paragraphs, the top electrode 169 is the anode, and the bottom 
electrode 170 is the cathode of the laser diode bar 112. The electrode 170 on 
the bottom of the laser diode bar 112 is electrically connected to the metallized 
portion 172 in fee top wafer 130, Thus, current flows from the bottom 
dectrode 170 to the metallizKi surface 172, which continues around fee 
comer of fee top wafa 130, and contacts a metallized portion 173 of the 
middle layer 132, which in turn contacts a metallized pordpn 174 erf fee 
bottom layer 134, which is connected to fee negative terminal 162 (Figure 1). 
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. Thus, a current path is provided from the lasa diode bar 112, aloi^ the front 
edge 116 of the assembly 110, tiie current path including tiie metallized 
portion 172 of tiie top wafer 130, the metallized front edge 173 of the middle 
wafer 132, and the metallized portion 174 of the bottom wafer 134. 
5 To select a desired intensity of the laser output, tiie electrical current 

source 114 is operated to provide a level of electrical current that provides the 
desired output intensity to each diode in the array 123. As illustrated in 
Figure 2, wherein a plurality of planar assemblies 110 are stacked togetiier, at 
least one metal dip 176 may be disposed between each adjacent assembly 110 

10 to provide a cturent path between adjacent diode iisserablies 110. For 

example, the metal dip 176a/ disposed between the assembly 110a and the 
adjacent assembly llOb^ electrically connects the metallized bottom surface 
174a of the planar assembly 110a with the metallized top porticm 164b of the 
planar assCTibly 110b below it. When a plurality of sudi dips 176 are 

15 connected between each of the planar assemblies 110, then the laser diode bars 
112 are electrically connected in series, bi another preferred embodiment, the 
dips 176 are not necessary, if the gaskets between the diode assemblies 110 are 
formed of a conductive elastomer that provides a current path as well as a 
watertight seal. 

20 A suitable coolant,, such as water, is distributed through the 

assembly 110 by the conventional coolant circulation system 122* The planar 
assemblies 110 of the preferred embodim^t have been operated with a 
coolant drculation system 122 that comprises a Nesiab chiller with 55 psi to 
provide pressure for coolant circulation. However, the planar assemblies 110 

25 have t)een tested to v^thstand a higher pressure, and therefore the coolant 
circulation system 122 may be used with a higher pressure than 55 psi for 
even greater cooling ability. 
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In Figure 2, the coolant drculatioii system 122 is connected to a 
header 178. An inlet manifold 180 and an outlet manifold 181 are fonned in 
the header 178, which provide a coolant between ^hejroolmt drculaton ^ 
systoiia and Ae^OTridors 140442 CKgure 1). In order to form a watertight 
5 seal, a ihin gasket 182a is disposed between file header 178 and the topmost 
padage 110a. Preferably, the header 178 and tiie gasket 182a both comprise a 
conductive material for electrical current flow, and tiius, the terminal 160 
may be connected directly to the header 178, obviating the need for the dips 
176. For example, tiie header 178 may comprise stainless steel or copper, and 

10 the gasket 182a may 'oomprise-silicone elastomer filled with conductive 
material such as sflver-plated copper particles. Silicone elastomers are 
availaUe ftom flie Seal Group of the Parker Hannifin Corporaaon of 
Lexmgton, Kentucky, or SAS Industries of Manorville, N.Y. The gasket 182a 
may be molded or cut from a sheet In other embodiments, if the gasket 182a 

15 is not required to be conductive, it may comprise a Teflon® material sudi as 
Goie-tex®. At the bottom of the array 123, a plate 183 is disposed to seal the 
coolant ftew within the conidors 140,142. A gasket 182d is positioned 
between flie plate 183 and the adjacent diode assembly 110c, and preferably the 
gasket 182d comprises a conductive material sudi as a silicone elastomer 

20 fined with silver-plated copper partides. Hhe plate 183 may comprise a 

conductive material such as stainless steel or copper, and the terminal 162 
may be corniected direcdy thereto. 

Hie gastets 182b,182c are disposed between eadi of the assemblies 
110 in order to provide a watertight seaL Preferably, eadi gasket 182b,182c 

25 comprises conductive material such as a silicone elastomer fiHed with 

sUver-plated copper partides, thus providmg a current path between each 
diode assembly 110- If the gaskets 182b,182c are not required to be conductive. 
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they may comprise a Teflon® material such as Gore-tex®. The gaskets 
182b482c are pref^bly tiiin (for example 0.010 inch) so ttiat tiie assemblies 
110 are positioned in close proximity to each other. As a result, the laser 
diode bars 112 are very dosely spaced, and the array 123 can provide a high 
intaislty laser output. 

Reference is made to Figures 2 and 3, whoein the waf^ 130,132,134 
comprise holes 136,138 that define inlet corridors 140 and outlet corridors 142 
when die assemblies 110 are aligned in an array 123. In die array 123 
illustrated in Figure 2, the means for securing the plurality of assemblies 110 
is a damp 230. Any conventional damp will be adequate, preferably the 
damp 230 compresses the gaskets 182 eveiUy. Preferably, the damp 230 is 
non*-conductive in order to prevent electrical current flow between the 
header 178 on the top of the array 123 and the plate 183 on die bottom of ttie 
array 123. In other embodimmts (not shown), die array 123 may have a 
different securing means, such as a bolt, or bolts, extmding therethrou^. 

As illustrated in Hgure 3, eadi assembly 110 is constructed of three 
separate wafers 130,132,134. When bonded together, the wafers 130,132,134 
form the assembly 110 wi^ cooling passageways integral therein. Each of £he 
three wafers 130,132,134 preferably comprise a silicon substrate. 

Eadi of die wafers 130,132,134 are thin, whidi allow the laser diode 
bars 112 to be positioned in dose proximity for high intensity ou^ut over a 
large area. The silicon wafers 130,132,134 are bonded together, preferably by a 
direct thermal bonding process without electrostatic assistance Silicon direct 
bonding is a process in whidi two separate wafers are brought into contact at 
room temperature and annealed in a furnace (1200^0 to form a single piece. 
In the first step, each wafer 130,132,134 is wet-chemically micromadiined with 
a Si3N4 mask to have the appropriate slots, manifolds, and microdiannels. 
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and the Si3N4 is removed- A modified RCA dear, omitting the buffered HF 
dip, is performed. Immediately after a fifteen minute deionized water linse, 
the wafers 130,132,134 are put in a spin linser/dryer. The resistivity set point 
of the effluent water from the spin linser/dryer is greater than 14MQ-cm to 

5 " assure maxhnum water surface reflectivity. The wafers 130,132,134 are then 
immediately aUgned and bonded while the surfaces remain reactive. The 
surfaces to be bonded should be highly flat; flatness is important because the 
surfaces are in doser proximity when the two wafers are brought togetiier. 
The surfeoes do not have to be absolutely flat; however, a flatter surface 

10 preparation leads to la sbranger Attractive force between the two wafers. First, 
contact of the two surfaces should be made in a partide-free environment; 
partides In flie micrometa- range can produce voids with average diameters 
in the miffimeter range. The wafers 130,132,134 should be bonded in a dass , 
100 dean room. Vacuum tweezers should be used to handle tiie wafers 

15 130,132,134. A conventional alignment jig is used to provide rough 

alignment of titie wafers to be bonded. The alignment jig is made from 
Teflon® and contakis vacuum holes positioned adjac^t to a correspondmg 
hole in the wafer. After deanmg, a pafr of wafers is placed on the vacuum 
fucture; prefeably both wafers have aligmnent flats etdied onto ihdr 

20 perimeters to obtain precise x-y and rotational aKgnment After ti»e wafers 
are in position fliey are moved into contact Then, vacuum is applied to 
bring tiie wafers even doser together. It may be noted that tiie room 
temperature weak-bonding phenomenon will occur witiiout vacuiun 
assistance; however, use of the vacuum fricreases tiie process' yidd. The 

25 vacuum is held on the fixture for approximately five nunutes. Onratiie 

wafers are brought together, IR transmissic«i imaging may be used to monitor 
bond quality. 
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After the initial weak bonding step, annealing is performed at a 
temperature of 1200^C for forty minutes in a dry N2 ambient The bound 
wafers are placed in a quartz holder designed to hold three inch wafers in a 
horizontal position in the furnace* After annealing/ the wafer bond may be 
5 viewed with a C-scan acoustic micrograph* 

As illustrated in Figure 3, each of the three wafers 130,132,134 
comprise a plurality of pairs of the rectangular holes 136,138. The holes 
136,138 are portioned in two rows, ttie inlet row 137 and the outlet row 139. 
The holes 136,138 are aligned witii one another so tiiat in the array 123 
10 (Figure 2), the holesl36,138 define the plurality of inlet corridors 140 and 
oudet corridors 142. The holes 136 in the inlet row 140 define the inlet 
corridors 140 for coolant entry into eadi assembly 110. The holes 138 in the 
oudet row 139 define the outlet corridors 142. 

Reference is made to Figure 1 and Figure 4, which is a dose-up of a 
15 portion of the assembly 110 shown in Figure 1. The bottom surjfoce of the top 
wafer 130 comprises a plurality of microchannels 120 proximate to the laser 
diode bar 112. In the preferred embodiment, the microcharoiels 120 are 
formed in the wafer 130, parallel to the lengthwise direction of the laser diode 
bar 112. The microchannels 120 can be formed by conventional ani^tropic 
20 etdiing techniques which etch the material along crystal axes. 

The top surface of the middle wafer 132 comprises a plurality of 
slots 154 formed perpendicular to the microchannels 120 in the top wafer 130. 
The slots 154 are formed in the middle wafer 132 using conventional etching 
techniques. 

25 The bottom surface of the middle wafer 132 comprises a plurality of 

grooves 158,159 which, when endosed by the top surface of the wafer 134, 
form the passageways 150,152 connecting tfie respective corridors 140,142 with 
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the respective slots 154,156. Particularly, one set of grooves 158 extends from 
the inlet holes 136 to the corresponding slots 154, and a second set of grooves 
159 extends ftom fiie outlet holes 138 to the corresponding slots 156. The 
grooves 158,159 are preferably rectangular, and each has a widtti that is wider 
than its corresponding slot 154,156. 

Coolant flow during op^don is fflustrated with reference to 
Figores 2, 4, 6, and 7. The coolant circulation system 122 (Figure 2) suppUes 
coolant to the inlet manifold 180, which is connected to aU the inlet corridors 
140 (Figure 7). The coolant in each inlet corridor 140 Bows under pressure 
flirou^ the inlet passageway 150, then through its corresponding inlet slot 
154. Rjr example, the pressurized coolant in die mlet ccnridor 140a is forced 
into the inlet passageway 150a. Atflieoflierendof the passageway 150a, the 
slot 154a (See Hgures 6 and 7) directs coolant up and into die microdiarmels 
120 in the underside of die top wafer 130; spedficaUy, the inlet slots 154 dh»ct 
coolant deep into the microchannels 120 for high cooling power and efBdent 
use of the microchannels 120. Furthermore, cooling pov/er is enhanced by 
the narrow cross-section of the inlet slots 154 with respect to the inlet 
passageways 150. The narrow cross-section causes a Venturi efifect-die 
velocity of the coolant is increased as It flows ftom the wider passageway 150 
into die inlet slot 154 and then into the microchannels 120. Therefore die 
coolant is injected from the inlet slots 154 up and into die microchannels 120 
widi greater vdodty for more effective cooling. 

The coolant absorbs heat from die microchannels 120 as it flows 
dterethrough. The heated coolant tiien flows into the adjacent slot 156a due 
to a pressure differential betwe^ die hdet and oudet slots 154a,156a. The 
coolant flows flirough die slot 156a, and into die outlet passageway 152a. At 
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the other end of the outlet passageway 152a, the outlet corridor 142a receives 
the heated coolant, which exits through the outlet manifold 181 (Hgure 2). 

It should be apparent that in an array 123, the inlet corridors 140 and 
the outlet corridors 142 are common to all the planar assemblies 110 in the 
array 123, and thus only a single coolant circulation system 122 is required for 
the entire array 123. 

bi sununary, as illustrated in Figures 2, 6, and 7, a coolant path is 
provided from the inlet manifold 180 to the inlet corridor 140, through an 
inlet passageway 150 and the corresponding slot 154, which delivers coolant 
up into the miaroch^Lnnel heat .sink 120 where heat from the laser diode bar 
112 is absorbed. Then the coolant is routed through an adjacent slot 156 to the 
oudet passageway 152 which directs the heated coolant to the outlet corridor 
142* The coolant may flow out of the outlet manifold 181 to tiie coolant 
circulation system 122. Although the corridors 140,142 have been respectively 
referred to as '"inlet", and "outlet" corridors, coolant could be made to flow 
through the assembly 110 in dther direction. The present invention provides 
adequate cooling regardless of the direction of coolant flow. 

Although for illustration purposes the assemblies 110 appear to be 
rectangular boxes, in the preferred embodiment, the assemblies 110 are much 
thinner, and therefore can be placed dosdy togetiier. As a result, the present 
invention provides a high intensity output that can be maintained 
continuously, or at a high average power. 

For example, the wafers 130,132,134 have been fabricated to have a 
thickness of 0.017 inch (0.43 mm) each. When connected together, the three 
wafers 130,132,134 have a combined thickness of 0.051 inch (1.30 mm). A laser 
diode 112 may have a thickness of 0.004 inch (0.1 mm), and the gasket 182 may 
have a thickness of 0.010 inch (0.25 mm). The total thidcness of the wafers 
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130A3?rl34> the diode 112, and the gasket 182 is 0.065 inch (1j65 mm). This 
figure is a meascne of flie separation between adjacent laser diodes 112 in the 
array 123. These figures are for iflustration purposes only, and in other 
embodiments, the actual thicknesses may be less, or more. 

The present invention provides suffident cooling to operate tiie 
laser diode 112 in the pulsed mode or continuously at a very hig^ average 
power output. The present invention has application as a pump for a high 
power solid state lasers. Ihcorpcvating the presait invention in a 
conventional manner, high power lasers may be produced that are efficient 
and inexpensive, and have a smaU size compared with lasers that are 
available now. 

The invaition may be embodied in otiier spedfic forms wifliout 
departing ftom Its spirit or e^oitial diaracteristics. The escribed 
embodiment is to be considered in all respects only as illustrative and not 
restrictive and flie scope of the invention is, therefore, indicated by the 
appended daims ratiier flian by the forgoing descriptions. AU changes 
whidt come witiiin tiie meaning and range of equivalency of the daims are 
to be unbraced within their scope. 



wo 92/19027 ^^CTAJS92/«2670 

-27- 



CLAIMS 

1. An apparatus for actively cooling a diode with a coolant pvimped 
by a circulation system, said apparatus comprising: 

a planar assembly thermally and electrically connected to the diode^ 
said planar assembly comprising; 

a plxuralit^r of microdiannels acdvely cooled by the 
coolant said microchannels being ttiermally connected to tiie diode 
so that heat is conducted between the diode and the microchannels, 
a plurality of inlet corridors for providing coolant to the 

assembly, 

a plurality of outlet corridors for removing coolant from 
the assembly, 

a plurality of inlet pa55agewa}rs integral to the assembly, 
each of said inlet passageways positioned to provide coolant flow 
between one of the inlet corridors and one or more microdiannels, 
and 

a plurality of outlet passageways integral to the assembly, 
each of said oudet passageways positioned to provide coolant flow 
between one of the oudet corridors and one or more 
microchaimels. 
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2. The apparatus as daimed in Claim 1, wherein the diode 
coxnprises an edge-emitting laser diode bar mnnected to the 

edge-emitting laser diode bar being positioned proximate to an edge of the 

assembly. 

3. The apparatus as claimed in Claim 1, wherein the planar 

assembly further comprises: 

a top wafer, said wafer being meciianically connected to the diode, 
said wafer comprising the xnicrochannels; 

a bottom \(mf er; and - 

a middle wafer, said nuddle wafer bemg bonded betweai flie top 
wafer and the bottom wafer, said middle wafer and an adjoining portion of 
the bottom wafer defining the inlet and oudet passageways whidi provide 
coolant flow between the microchannels and the inlet and outlet corridors. 

4. The apparatus as daimed in Claim 3, wherein the top, middle 
and bottom layers comprise a substrate of silicon material 

5. The apparatus as daimed in Claim 3, wherein the diod^ 
comprises an edge-emitting laser diode bar cormected to the assmibly, said 
edge-emitting laser diode bar being positioned proximate to an edge of the 
assembly. 

6. The apparatus as daimed in Qaim 5, whorein the top wafer 
comprises microdiannels having a long axis, said microdiannels bdng 
formed so that the long axis of the microchannels is parallel to the edge of the 
assembly that is proximate to tiie emitting end of the diode bar. 
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7. The apparatus as claimed in Claim 6, wh^ein each inlet 
passageway is positioned to deliver coolant to an exclusive portion of the 
microchannelS/ and at least one outlet passageway is positioned adjacent to 
said inlet passageway so that it can remove coolant from said exclusive 
portion. 

8. The apparatus as claimed In Qaim 7, wherein each inlet 
passageway comprises an inlet groove and an inlet slot, said inlet groove 
being formed in thet)ottom surface of the middle wafer, said inlet groove 
being enclosed by an adjacent portion of the bottom wafer to define an inlet 
passageway, said inlet passageway being positioned to communicate coolant 
from said inlet corridor to the inlet slot, said inlet slot bdng substantially 
perpendicular to Hie long axis of the microchannels, said inlet slot having a 
cross section for coolant flow that is smaller than that flow cross section of the 
inlet groove so that coolant flowing through the inlet slot is increased in 
velocity and therefore the coolant is injected into the microchannels with 
increased velocity; 

and further, wherein each outlet passageway comprises an outlet 
groove and an oudet slot, said oudet groove being formed in the bottom 
surface of flie middle wafer, said outlet groove being enclosed by an adjacent 
portion of the bottom wafer to define an outlet passageway, said outlet 
passageway being positioned to communicate coolant from said outlet 
corridor to the oudet slot, said oudet slot being formed in the middle wafer, 
said slot being formed in a position to communicate coolant between the 
oudet passageway and the microchannels, said oudet slot being substantially 
perpendicular to the long axis of the microchannels. 
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9. A planar assembly for actively cooling a diode with a coolant 
pumped by a dioJlaticm systo, said planar assembly being thennaUy and 

electticafly connected to &e diodev said planar assembly comprising: 

a pluraHty erf microchannels actively cooled by Ae coolant said 

microchannels being thermaJly connected to the diode so that heat is 

conducted between five diode and ttie microchannels; 

a pluraKty of inlet corridors for providing coolant to the assembly; 
a plurality of oudet corridors for ronoving coolant from the 

assembly; 

a plurality of inlet passa^ways integral to the assembly, each of said 
inlet passageways posilioned to provide coolant flow between one of the inlet 
corridors and one or more miarodiannete, eadi of said passageways including 
an inlet slot positioned for injecting the coolant into ftie microchannels, said 
coolant slot having a narrow cross-section relative to the inlet passageway so 
that coolant flow is increased in velocity as it flows from the inlet passageway 
through the narrow cross section, ther^y injecting the coolant into the 
xnicrodiannels with increased velocity; and, 

a plurality of outlet passageways integral to the assembly, each of 
said outiet passageways positioned to provide coolant flow between one of the 
outlet corridors and one or more microchann^. 

10. The apparatus as claimed in Qaim 9, wherein each inlet slot is 
positioned to deliver coolant to an exclusive portion of the microchannels, 
and at least one outlet passageway is positioned adjacent to said inlet slot so 
fliat it can remove coolant from said occlusive portion. 



wo 92/19027 




^A]S92/02670 



-Si- 



ll. The apparatus as daimed in Oaim 9, wherein the pla^ 



assembly further comprises: 

a top wafer, said wafer being medianically connected to the diode. 



5 



said wafer comprising the microchannels; 
a bottom wafer; and. 



a middle wafer, said middle wafer being bonded between the top 
wafer and the bottom waf», said middle wafer and an adjoining portion of 
the bottom wafer defining the inlet and outlet passageways whidi provide 
coolant flow between the microchannds and the inlet and outlet corridors. 

12. An array of laser diodes, comprising: 

a plurality of planar assemblies actively co<ded with a coolant 
circulation system, said assonUies being stadced to form the array, eadi of 
said assemblies further comprising; 
5 a diode mounted on said planar assembly^ said diode 



being thermally and electrically coimected to the assembly^ 



a plurality of microchannds activdy cooled by the 
coolant, said microchannds bdng thermally cx^nnected to the diode 
so that heat is conducted between the diode and the micrpchannelS/ 



10 



a plurality of inlet corridors to provide coolant flow 
between the assembly and the coolant circulation system. 



a plurality of outlet corridors to remove coolant flow from 
the assembly to the coolant circulation system. 



15 



a plurality of inlet passageways integral to the assembly, 
eadi of said inlet passageways positioned to provide coolant flow 
between one of tiie inlet corridors and one or more microchannds^ 



and 
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a pluraUty of outlet passageways integral to tiie assanbly, 
each of said outiet passageways positioned to provide coolant flow 
betwem one of the oudet corridors and one or more 
microchannels. 

13. The apparatus as daimed in aaim 12, wheran the diode 
comprises an edge-emitting laser diode bar connected to the assembly, said 
edge-emitting laser diode bar being positioned proximate to an edge of the 
assembly. 

14. A laser diode array as daimed in aaim 12, further comprising a 
pluraUty of conductive gaskets, each of whidi is positioned between adjacent 
planar assemblies. 

15. A laser diode array as daimed in Qaim 12, whereni the 
assezhbUes are aligned so tiiat tiie plurality of inlet corridors of each assembly 
are aUgned wifli eadi otiier for coolant flow tiieretiirough and the pluraUty of 
outiet eomdors of eadi assembly are aUgned witti each other for coolant flow 
th^throogK and further comprising: 

an inlet manifold that connects tiie plurality of inlet corridors to tiie 

coolant circulation system; and 

an outlet manifold that connects tiie plurality of outiet corridors to 

tiie coolant circulation S3?st^. 

16. The array of laser diodes as daimed in Claim 12, wherein eadi 
assembly further comprises means for conducting electrical current tiirough 
the respective laser diode. 
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17. A laser diode array as claimed in Claim 16, wherein each of the 
planar packages comprises a first electrical conductor on its top surface, said 
first conductor being electrically connected with a first electrode of the laser 
diode having a first polarity, and each of the packages further comprise a 
second electrical conductor on the bottom surfoce, said second conductor 
being elecfrically connected with a second electrode of tite laser diode having 
a second polarity opposite to the first 

18. A laser diode array as claimed in Claim 17, wherein each planar 
package comprises a first metallized swface for conducting current to the laser 
diode, and a second metallized surface for conducting current bom the laser 
diode, and wherein the diode array further comprises a plurality of 
conductors, each conductor being positioned between adjacent packages so 
that adjacent packages are electrically coupled, said electrical connection being 
between the second metallized surface of each package and the first metallized 
surface of the adjacent package. 

19. The array as claimed in Claim 12, wherein each planar assembly 
further comprises: 

a top wafer, said wafer being mechanically connected to the diode 
and comprising the microchannels; 
a bottom wafer; and 

a middle wafer, said middle wafer being bonded between the top 
wafer and the bottom wafer, said middle wafer together with the bottom 
wafer defining the inlet and outlet passageways which provide coolant flow 
between the microchannels and the inlet and outlet corridors. 
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20. The laser diode array as daimed in Claim 19, wherein the top, 
middle, and bottom wafers coxz^rise a substrate of silicon material. 

21. The apparatus as claimed in Qaim 19, wherein the diode 
comprises an edge-emitting laser diode bar connected to tiie assembly, said 
edge-emitting laser diode bar being positioned proximate to an edge of fee 
assembly* 

22. The ariray of laser diodes as daimed in Qaim 21, wherein the 
top wafer comprises microdtannels having a long axis, said microchannds 
being fomied so that flie long axis of the microchannels is parallel to tiie edge 
of tiie assembly Oiat is proximate to £he emitting end of tiie diode bar. 

23. The apparatus as daimed in Qaim 22, wherein each inlet 
passageway is positioned to deliver coolant to an exdusive portion of the 
microchannels, and at least one outlet passageway is positioned adjacent to 
said inlet passageway so that it can remove coolant from said exdusive 

5 portion. 

24. The apparatus as daimed in Claim 23, wherein each inlet 
passageway comprises an inlet groove and an inlet slot, said inlet groove 
b«ng formed in the bottom surfece of the middle wafer, said inlet groove 
being endosed by an adjacent portion of the bottom wafer to define the inlet 

5 passageway, said inlet passageway b^g positioned to commimicate coolant 
from said inlet corridor to the iiUet slot, said inlet slot being formed in tiie 
middle wafer, said slot being formed in a position to communicate coolant 
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between the inlet passageway and the microchannels, said inlet slot bdjig 
substantially perpendicular to the long axis of the microchannelS/ said inlet 
slot having a flow cross section smaller than that the flow cross section of the 
inlet groove so that the coolant flowing through the inlet slot is increased in 
velocity and therefore the coolant is injected into the microchannels with 
increased velocity. 
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